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ABSTRACT 
There are lots of companies producing various products ranging from expensive to free 
products. There is no software product without any bug irrespective of their cost. The problem 
with this situation is that when people purchase a software product by paying money they are more 
concerned about its performance. People report to the companies if the product they purchased 
does not work as expected. It is not the same in the case of free products. People tend to switch to 
some other free product produced by different company which does the same job. The notion of 
this project is to solve this problem. Under such a circumstance, people may not send a report to 
the company but people talk about that in the social networks. In this project, we are going to make 
use of this kind of posts or tweets to help the companies by informing them about the fault in their 
free products so that their reputation will never go down. So the objective of this project is to 
stream the real-time Twitter data, filter the data and analyze the data so that it can be reported to 
the companies if their free products does not work as expected. 
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1. PROJECT OVERVIEW 
1.1.  INTRODUCTION 
After so many years of advancement in science and technology, there are lot of software 
products in the market that fail miserably as they do not satisfy the customers. There are strategic 
teams and testing teams within the company who are working to produce a quality product for the 
customers. The strategic team take surveys and create strategies based on the surveys. Even in the 
present days we can see online surveys in many sites which are usually not liked by the customers. 
People don’t like these surveys because they need to take an effort in filling them and they need 
to spend their time on it.  
Opinion mining [1] is the best way to solve this problem. It is fast growing topic and lot of 
organizations are conducting research in this project as they feel there is a great chance of  
improving the market of a product if they are aware of people’s pulse. Opinion mining can be done 
in any source of textual data. Due to the recent advancement in online forums and social 
networking sites it has become much easier to collect data. Twitter data stream is one of the best 
places to study and analyze them.  
The whole idea of this project is to analyze a particular data stream from Twitter micro-
blogging site so that it helps companies to have up-to-date knowledge about their free products. 
1.2. SCENARIO AND INFERENCE 
Scenario 1: Google chrome 
 It is one of the most used free products of Google. Let us consider a person using Google 
chrome for browsing and his entire internet surfing. Google chrome can crash for several reasons 
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like long time usage with many numbers of tabs, on installing some plug-ins, etc [2]. If Google 
chrome crashes often on his computer, a normal person will not be able to find the solution. His 
immediate solution would be to switch browser.  
Scenario 2: Microsoft Silverlight 
 Microsoft Silverlight is similar to Adobe Flash. It is used to run media applications in the 
web browser. It can be installed to the web browser as a plug-in. Now consider a situation in which 
Silverlight crashes often on the web browser and the web browser starts showing not responding 
on the title bar [3]. In this scenario people tend to switch to Adobe Flash as it is also free.  
 This scenario not only lets the reputation of Microsoft down, it also pulls Netflix’s 
reputation down. 
Inference:  
 Common people never spend time in complaining about free products to the companies 
producing them. They have a much easy solution, which is moving on to some other free software 
which performs the same task. 
 Similarly think of situation in which Microsoft Office crashes often and is not working. In 
this case, person who has purchased it will definitely report about this to the company.   
 People who are really frustrated because of the performance of free products tend to show 
their rage by talking about those products in social networks. 
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2. RELATED WORK: 
 There are several ways we can handle data to reach the goal of this project. Most of the 
sentiment analysis tools or algorithms are still under research. Till date, there is no algorithm that 
can provide hundred percent accurate results for sentiment analysis. There are several debates 
going on between various researchers in this topic to prove their solution is more perfect than the 
others. English is simple but tricky language as many words present in this language can be used 
in more than one sense (that is, they can be used in a positive, negative as well as neutral sense). 
Therefore the analysis part becomes very hard. In this project we use a sentimental dictionary using 
which we can provide nine different weights to words in tweets varying from -4 to +4. 
The tool or platform that we need should be versatile enough to handle all the problems in 
the data that we stream from a social networking site [4] [5]. Apache Hadoop [6] is chosen to deal 
with the huge volume of data which I stream from Twitter. Hadoop is designed in such a way that 
it can format the unstructured data into structured pattern. It is the perfect tool currently in the 
market to perform analytics over huge data. Data streamed from Twitter is unstructured and it is 
in JSON format [7]. Each and every array of JSON might be different as they are from various 
sources and different people. They can have different number of attributes. Apache Hive [8] is a 
component built over Hadoop that has a serializer and deserializer called JSON SerDe [9] which 
reads unstructured data and writes columnar structured data. This makes the process of analysis 
easy.  
A unique flow of process is created by carefully merging different operations like data 
streaming, storage, formatting, filtering, analysis and presentation into a complete application. 
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3. SENTIMENTAL WORD DICTIONARY: 
 Sentimental word dictionary [10] becomes essential as we are dealing with text analysis. 
The existing sentimental dictionary has words which are categorized into positive, negative or 
neutral polarity. This dictionary will produce results which are far from accurate.  
 In this project, to improve the accuracy of the result, the words are further classified into 
weak, strong and very_strong based on their strength. As each and every strength has possibility 
of all three polarities, the number of categories based on this classification becomes nine. The 
words are further classified into parts of speech as noun, verb, adjective, adverb and others. By 
classifying the words in this pattern we can provide different weightage to the categories.  
 By making all these changes in the sentimental word dictionary, we can make the result of 
sentiment analysis close to accurate. This method can provide even more accurate results as we 
train it with all possible kinds of test data.  
4. TOOLS AND FRAMEWORK: 
4.1. HADOOP FRAMEWORK: 
Apache Hadoop must be installed on a cloud server or a local host. Other services like 
Flume, Hive and Oozie should be installed over it. Cloudera version of Hadoop provides the 
services that makes the work easy. 
4.1.1. FLUME, HIVE & OOZIE: 
Apache Flume is a service which is used to stream large amount of real-time data. Flume 
is used in our project to stream real-time data from Twitter and we store it the Hadoop Distributed 
File System (HDFS) [11]. 
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Hive warehouse is used to store data. Data can be managed and retrieved by querying. 
HiveQL [18] is the querying language used in Hive which has syntax similar to SQL. Hive parses 
the query and creates an execution plan in the form of tree of operators. Map-Reduce [12] jobs are 
triggered with the tree of operators is read recursively. 
Apache Oozie [13] is used to maintain the workflow of data in and around Hive and HDFS. 
The image below shows all the services including Flume, Hive, Oozie and HDFS are 
installed in the host using Cloudera Manager [14]. The Cloudera version of Apache Flume, Apache 
Hive and Apache Oozie are easy to install and operate due to the convenient interface provided by 
the Cloudera Manager. 
 
Figure 1: Cloudera Manager with all services installed 
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Twitter developer account is needed. A dummy app must be created and Twitter API [15] 
OAuth settings like key and secret can be used to retrieve Twitter data. 
 
 
Figure 2: Twitter Developer Account – Twitter API Key and Secret 
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5. ARCHITECTURE 
 
Figure 3: Architecture Diagram 
This project is created in a three tier architecture. The first tier is the layer which is visible 
to the end-user. The input is given and the output is displayed in this layer. It is the client and 
it is connected to the next layer using connectivity drivers.  
 Second tier is the important layer which performs all the logical operations in this project. 
This is the middle layer and it acts as a medium between first and third layer. It is connected 
to the third layer to by the database connectivity.  
 The third tier is the storage layer. This layer has the HDFS which stores and manages the 
data which comes into the application. 
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6. SYSTEM DECOMPOSITION 
 
 
Figure 4: System Decomposition Diagram 
Presentation Tier: 
 It is the topmost and interactive layer in this architecture. Input from Twitter is fed into the 
system from this layer. The input data is after getting processed is sent to the presentation layer. 
Output in the form of tables and graphs are displayed in this layer. The tables are viewed in via 
Hue interface which is a part of the Hadoop ecosystem.  
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Application Tier: 
 This layer lies between presentation and data tier. All the logical operations are performed 
here. Apache Flume, Hive and Oozie are the important components present in this layer. Flume 
component of Hadoop is the one which receives the tweets from Twitter data stream and sends it 
to the database. Apache Hive is the one which is very closely coupled to the HDFS. Hive metastore 
stores the information about all the data present in the database. Hive query language (Hive-QL) 
is used to process the data. All the process are performed by the map-reduce jobs and the map-
reduce jobs are triggered by the Hive queries. Apache Oozie is used to create partitions in the 
tables which improves the performance of the querying process. Hive ODBC is used to export the 
results of the query into Windows operating system with which the visualizations are created in 
Microsoft Excel.  
Data Tier: 
 This is the bottom most layer in this application. It receives data from Flume and stores in 
the Hadoop Distributed File System (HDFS). All the components present in the application tier 
needs to access the database to proceed with their process. Database connectivity should be 
established to transfer data. Hive establishes connections with the Hive metastore from where it 
begins all the transactions. HDFS can store large volume of data as it is a distributed file system. 
This type of file system is suitable only for very large data as the performance in low when 
compared to the traditional RDBMS.  
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7. PROJECT DESIGN  
7.1. DESIGN OUTLINE 
Storing and querying the tweets from Twitter in a traditional RDBMS is not possible 
because it is in JSON format and it is unstructured. Therefore it is too complex to be queried 
using RDBMS queries. The Hadoop ecosystem has the Hive project which deals with this 
problem. The Hive query language is similar to SQL but allows us to perform querying on 
complex data types. 
 
Figure 5: Data Flow 
The first step is to collect data from Twitter through Twitter Streaming API [15] using Flume. 
Apache Flume [16] is configured in such a way that it know its endpoints which are sources and 
sinks. Each and every piece of tweet is called an event. The tweets are gathered from the Twitter 
Opinion Mining on Twitter Data Stream to give companies an up-to-date feedback on their free products 
 
18 | P a g e  
Lokmanyathilak Govindan Sankar Selvan 
ID: 008335483 
source and sent to the sink through the memory channel. The sinks are responsible for writing 
them to HDFS files.  
The next step is to create and manage partitions with Oozie. An external table is created using 
the files in the HDFS. External tables are used so the querying can be done without moving the 
data from the location. Partitions are be created as the data gets into the database. This process can 
be automated as it improves the performance of the query.  
The final step is querying complex data using Hive-QL [18].   
The project can be divided into five steps, namely data streaming, data storage, data filtration, 
data analytics and finally reporting phase. 
7.2. DATA STREAMING 
 
Figure 6: Data Streaming 
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Data streaming is performed using Flume, which is a component of the Hadoop ecosystem. 
Flume is used to stream real-time data. In the project we use Flume to stream real-time twitter data 
into Hadoop Distributed File System (HDFS) [11]. 
 Flume collects the data from Twitter Streaming API [16] and forwards it to the HDFS. On 
taking a closer look at this process we get an image like the one below. 
 
Figure 7: Flume 
 
Twitter Streaming API: 
 HTTP server and streaming connection are the essential parts which make this happen. The 
user sends request to HTTP server. The streaming process connects to Twitter and receives the 
data. Then it parses the data and stores it as result. The HTTP server process sends the result from 
streaming connection process to the user as response. The connection is closed once the required 
data is received by the user. 
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Figure 8: Twitter Streaming API 
 
Source: 
 Source is used to get data from clients and the send them to the channel.  In the project, the 
Twitter Source gets the data from Twitter Streaming API [16] which is the external client and 
stores it into the memory channel.  
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Channel: 
 Channel acts as the intermediate pathway between the Source and the Sink. Here, the 
memory channel transfers the data received from Twitter Source into HDFS Sink.  
 In this project, memory channel is defined in the flume configuration file. 
 
Sink: 
Sink extracts the Events from channel and then it sends the events to Flume agent. Flume 
configuration file is edited to provide the path where the streamed data is stored. 
 
 
8. PROJECT IMPLEMENTATION 
There are five main stages in the implementation of this project. They are data streaming, data 
storage, data filtration, data analytics and data presentation. The overview of all these stages are 
shown in the image below. 
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Figure 9: Overall Process 
 
8.1. CONFIGURING HADOOP AND STREAMING DATA 
Configuring Flume Agent:  
The Flume configuration file looks like, 
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The Flume Agent is configured so that the Twitter data can be streamed into the HDFS 
when the Twitter Agent is started. 
Twitter API key and secret are given as ‘*******’ in the above image as they should not 
be shared. Keyword is given as ‘Google chrome’ so that it streams all the tweets with the keyword 
in it. Many number of keywords can be added if necessary. The streamed data is stored in the 
HDFS in the directory created by the path in the code above. Year, month, day and hour directory 
will be created automatically within the HDFS as the data is streamed into it. The directories are 
created in such way to avoid confusion and increase performance. 
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Starting the Twitter Agent: 
The Flume starts streaming the real-time Twitter data after starting the Twitter Agent. The 
Twitter Agent is started by the command below. 
 
Configuring MySQL database for Hive Metastore: 
Before proceeding with the configuration, MySQL has to be installed and the service has 
to be started. It can be done using the following command. 
 
MySQL connector must be configured first. It connects the Hive metastore and MySQL 
database.  
 
Then the database and the user are created. Finally, the metastore is configured in such a 
way that data gets into and out of MySQL database. The following changes should be made in the 
hive-site.xml file to configure the Hive metastore. 
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Thus the configurations are made in in the metastore so that the data can be analyzed using 
Hive query language. 
8.2. DATA STORAGE 
The streamed Twitter data are stored in HDFS. This Twitter data is never modified or altered 
in any situation.  
As the Twitter data is in JSON format, it will not work with the default setup. Hive SerDe [9] 
is used to interpret the data which is one of the biggest advantage of Hive. SerDe stands for 
Serializer and Deserializer which helps in converting the data into format which Hive can 
understand.  
For example, SerDe takes the following JSON format tweet. 
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The following query converts the JSON format above into queryable format. 
 
JSON format after converting into queryable format will look like, 
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8.2.1. DATABASE SCHEMA: 
 The Hive warehouse has three tables initially. Tweets table, Time_zone_map and 
dictionary table are in the first stage of the process. Time_zone_map and dictionary files are 
manually loaded into the hive warehouse and the tables are created. Tweets is an external table 
created from the data in the HDFS. A new table named tweets_country is created as the tweets 
table has only the time zone and not the country. It is created my joining Tweets and 
Time_zone_map table. The tweets table and Dictionary table are joined to produce the 
tweets_sentiment table which consists of tweets with their sentiment. 
 The diagram below is the schema of the database in Hive. 
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Figure 10: Database Schema 
8.3. DATA FILTRATION 
Classification in Filtering: 
Data are classified into 2 main categories. They are, 
• Polarized (Positive & Negative) 
• Unpolarized (Irrelevant) 
Polarized words can be further classified into positive and negative based on their usage. They 
are classified as positive and negative depending on the sentiments they deal with. For example, 
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words like wonderful, amazing gives a positive feel whereas words like terrible, awful gives a 
negative feel.   
There is another set of words which do not convey any sentiment. Those are irrelevant words. 
In this project we deal only with positive and negative words that convey sentiment.  
Data Filtering is done based on various things like emoticons, acronyms, repeated 
punctuations, upper case, username and hashtags. 
Emoticons: 
:-) , : -( , :-o, :/, … 
These are some the emoticons [17]. Emoticons are the best way to express or convey an 
emotion in a statement. In the recent years these emoticons play a large role in every form of 
written communication. They play a significant role in social networking websites. 
In this project we are making use of these emoticons to classify statements into positive and 
negative statements. For example - if Netflix crashes due to Microsoft Silverlight, the user will 
tend to tweet a negative statement with : -( emoticon. This means the user is frustrated and not 
satisfied with performance of Netflix or Microsoft Silverlight.  
Similarly different emoticon deliver different emotion which we can use for our analysis 
process. Emoticons has one of the highest weightages in the sentiment word dictionary. 
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The table above has exactly same words in all the tweets but conveys different emotions as it 
has different emoticons. Thus emoticons play important role in deciding the sentiment of a 
sentence.   
Acronyms:  
LOL, OMG, ROFL, … 
 Recently, there is a wide usage of acronyms in social networking sites and forums. It 
depicts the thought of the user evidently. Even though there is some negative sense in the tweets 
and there is a LOL acronym in the later part of the tweet, then the entire tweet gains a positive 
polarity.  
Acronyms have high weightage equal to the emoticons. They clearly show the sentiment 
of the entire tweet.  
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Repeated Punctuations: 
!!!!! , ???? , … 
Punctuation have their purpose in a statement whereas continuously repeated punctuations 
emphasize that something important is said. These repeated punctuations are seen in people’s 
tweets and statuses in social networks. In this project we are taking into account of repeated 
punctuations as important criteria. For example – ‘!!!!!’ conveys several meanings like extremely 
important, extremely urgent, terrible or amazing. So priority is given for tweets with repeated 
punctuations. 
Upper Case Identification:  
ALL_CAPS keyword (eg., REALLY) 
In social networks, people tend to use ALL_CAPS keyword to emphasize the importance of 
something. In this project, these keywords in the tweets will be noted seriously and will be given 
priority similar to the repeated punctuations. 
Hashtags ‘#’ and Usernames ‘@’: 
As the entire project is based on the tweets from Twitter, hashtags and usernames must be 
given priority. Hashtags are used to filter the tweets on a particular topic. For example, ‘#Google 
Chrome’ deals with all the tweets on the topic Google Chrome. Similarly, usernames like 
‘@Mircosoft’ might say something related to its Silverlight which might help this project. 
Therefore hashtags ‘#’ and usernames ‘@’ are given priority in the project.  
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8.4.  DATA ANALYTICS 
Data Analytics is third and important stage in this project. This stage deals with analyzing the 
filtered twitter data using Hive Query Language. This stage provides us the results which we want.  
The data is actually stored in the external table in HDFS. The Hive accesses the data without 
moving them from their location. The unstructured data which is stored in the HDFS in converted 
into structured data in columnar pattern using JSON SerDe from the Hive interface.  
8.4.1. SENTIMENT ANALYSIS DICTIONARY: 
It is a very important and integral part of the data analysis procedure. The dictionary is divided 
into four columns namely, words, strength, parts of speech and polarity. The words in the 
dictionary are classified deeply and weights are provided to them based on their position in the 
classification.  
The original dictionary has only the words and polarities in it. The improved dictionary that is 
used in this project has many essential additions like emoticons, acronyms, negation. Emoticons 
and acronyms have very high strength as they can change emotion of the entire tweets. Negations 
play significant role in the sentiment analysis part [19]. 
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Neutral words are given value zero. 
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Apart from positive, negative and neutral sentiment, a new category called ‘both’ is introduced. 
These words can be represented as both positive and negative.  
Steps involved in data analysis stage are, 
 Tweets table is created and data are loaded into it. 
 
Figure 11: Segment of Tweets table 
The image above in just a segment of the entire Tweets table. The structure of Tweets table 
will be 
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 Upload the improvised dictionary to the Hive warehouse. 
 
Figure 12: Dictionary Table in Hive 
 The table is created for the dictionary and the data are imported into it. Four columns 
namely, strength, word, pos and polarity is created. The structure of the table will be 
Opinion Mining on Twitter Data Stream to give companies an up-to-date feedback on their free products 
 
40 | P a g e  
Lokmanyathilak Govindan Sankar Selvan 
ID: 008335483 
 
 After loading data into the table, it can be used to provide polarity to words in twitter data. 
 Upload the time zone map file to the Hive warehouse. 
 
Figure 13: Time Zone Map Table in Hive 
A table named time_zone_map is created and the data are loaded into the table. The 
structure of the table will be  
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The twitter data does not have country attribute in it. The JSON data provides just the time 
zone. Country attribute can be derived from the time_zone_map table by joining the tweets 
and time_zone_map table.  
 
Figure 14: Tweets mapped to country 
The country of the user from where the tweets id originated plays an important role in data 
presentation. The country location is needed in this project as problems faced by customers 
using Google chrome browser may be different in different countries as the bowers may 
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be updated differently based on location. There can be similar issue with Microsoft 
Silverlight also.  
 The tweets from the Hive external table are is split up into words to make the process easy. 
Each and every word is compared with dictionary and provided a numerical value based 
on their weights and classification.  
 
Figure 15: Values assigned to words in tweets 
 The words are grouped based on their ID which is the unique key in the table. 
 Values of the words with same ID are summed together. 
 If the result is greater than zero, then it is a positive tweets. If the result is lesser than zero, 
then it is a negative tweets. 
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Figure 16: Sentiment of entire tweet 
 Suppose the result is exactly zero, then the tweets is neutral. 
 Thus the polarity is calculated for tweets from Twitter. 
 
8.5. DATA PRESENTATION 
Data Presentation is the final stage which deals with producing the results of analytics in human 
understandable format. Visualizations are made using the results of the analytics so that it can be 
easily reported to the companies if there is any problem with their free products.  
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Red: Positive Blue: Negative Orange: Neutral 
Figure 17: Sentiments Plotted country-wise for ‘Google chrome’ 
The image above represents the ratio or count of the positive, negative and neutral sentiments 
country-wise for the keyword ‘Google chrome’. The Hive database in the HDFS is connected to 
Windows 7 operating system using ODBC connectivity. The data is imported into the Microsoft 
Office Excel through the ODBC connection. Country and sentiments corresponding to same tweets 
are selected from the final table in the database.  
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The selected data are imported into Microsoft Excel through the Power view in the insert 
category. Then the map view in the design category is selected to produce the desired output in the 
above image.  
 
Figure 18: Google chrome’s sentiment in United States 
The image above shows the ratio of positive, negative and neutral sentiment for the Google 
chrome in the United States. Similarly the sentiment can be analyzed for any free product and 
visualizations can be created for the same. Form this type of visualization, a company can know 
the pulse of the people in various countries. This will greatly help a company to keep an eye on 
their products.  
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Several types of visualizations like graph or pie-chart can be created easily from the Microsoft 
Excel as the database is connected to Windows using ODBC. The type of visualization that can be 
created totally depends on the criteria on which the data has to be analyzed.  
9. TESTING AND RESULTS 
9.1.  DATA VALIDATION 
The image below shows one of the tweet streamed into the HDFS by Flume. This particular 
tweet is filtered so that it has the keyword ‘Google chrome’ in it. Thus the data streaming part of 
the project is validated. 
 
Figure 19: Twitter data in HDFS 
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The data analysis part is validated as per Dr.Teng Moh’s instruction. A test data was created 
which consists of random tweets with almost every possible types of sentences. The test data 
contains 250 tweets on which data analysis was performed. Before performing the data analysis, 
the test data is manually evaluated and sentiment is provided for every tweets which will be a 
standard result to which the results of data analysis can be compared to. Now, the data analysis on 
test data is carried on by triggering the map-reduce function using HiveQL. In the map-reduce 
function, the words in the test data are given polarity which it turn provides sentiment to the entire 
tweets.  
Comparison between manually calculated sentiment and sentiment computed by the tool: 
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The results produced by the data analysis is compared with the standard result produced 
manually. Totally, there are thirty one mismatch among the results which implies that 211 out of 
250 were showing correct sentiment. Thus the data analysis part of the project is validated. 
10. CONCLUSION AND FUTURE WORK 
In this report we have discussed in details about all the stages in this project. The goal of this 
project to analyze the unstructured twitter data in JSON format to provide results of free products 
to corresponding companies. Initially, the Hadoop ecosystem is configured to perform all the 
functions involved in this project.  
The first stage deals with streaming real-time Twitter data into the HDFS. This is 
performed by Apache Flume. The Twitter data which is streamed is unstructured and it is handles 
by Hive and analyzed using Hive-QL.  
Second stage is data storage and the third stage is filtering the data which deals about 
various filtering techniques which will provide much concentrated data so that the result for the 
analytics will be more close to accurate. Various techniques are discussed in details in a separate 
section in this report. 
Fourth stage is the data analysis part which provides positive, negative or neutral sentiment 
to each and every tweets which are streamed into the HDFS in the previous stage.  
The future scope of this project will be to improve the sentimental word dictionary in way that 
the dictionary automatically adds new words from tweets that are not present in the dictionary. 
The dictionary will learn continuously and refine itself.  
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Initially, it looks for words that are not present in dictionary. There will be various types of 
words including noise like conjunctions, articles and URLs. They must be removed from the list. 
Words like conjunctions, articles and prepositions can be removed using a file containing stop 
words. Noise and unwanted data are common in data streamed from online sources. Removing 
URLs and random things like ‘hs6t9op3’ will be challenging as they will not be in any stop words 
list. The words that are not in dictionary and stop-words list will be listed in a text file and they 
are given the sentiment of the entire tweet.  
For example, let us assume that the word ‘promotion’ from the tweet ‘I got promotion 
yesterday :-( ’ is not in the dictionary and stop-words list. Now, we can add the word ‘promotion’ 
to a new file with a negative polarity. Contrarily, promotion is a positive word and it has been 
provided with wrong polarity. This problem can be solved when the volume of data increases. 
When we analyze billions and trillions of tweets there will definitely we several repetitions of the 
word ‘promotion’ in them. The probability of ‘promotion’ in a positive tweet will be obviously 
high. Therefore we overwrite the words in the file by adding or subtracting the corresponding 
numerical values to polarity. The threshold will be decided after going through lot of test data.  
As a result of this process we can create a much improved sentimental word dictionary which 
will continuously learn and refine itself. 
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